Abstract. Endometrial carcinoma (EC) is one of the most common gynecological malignancies. The malignant degree increases between grade (G)1 and G3, and EC of G3 usually presents a high recurrence rate and poor prognosis. Therefore, the present study aimed to examine the principal genes associated with the degree of differentiation in EC. The microarrays GSE17025, GSE24537 and GSE35784, representing data of Type I EC samples of G1 and G3, were downloaded from the Gene Expression Omnibus. The differentially expressed genes (DEGs) and differentially expressed micro (mi)RNAs (DEMs) were identified, followed by functional enrichment analyses and interaction network construction. In total, 83 upregulated and 130 downregulated DEGs with the same expression trends in two mRNA datasets were screened. The upregulated DEGs were primarily enriched in 'mitotic cell cycle process', 'cell cycle process' and 'mitotic cell cycle'; while the downregulated DEGs were enriched in 'cellular component assembly involved in morphogenesis', 'cell projection organization' and 'microtubule-based movement'. From the protein-protein interaction network, DNA topoisomerase IIα, kinesin family member 11, cyclin B1 and BUB1 mitotic checkpoint serine/threonine were identified as foremost hub genes. One module was extracted and involved in 'mitotic cell cycle process' and 'cell cycle process'. Based on the analysis of DEMs and the miRNA-target regulatory network, miRNA-9 may be the most important upregulated DEM, and the DEGs forkhead box P1 and cyclin E1 may serve vital roles in the differentiation of EC. In conclusion, principal genes were identified that may be determinants of the carcinogenesis of poorly differentiated EC, which may facilitate the examination of potential molecular mechanisms. These genes may additionally help identify candidate biomarkers and novel therapeutic targets for poorly differentiated EC.
Introduction
Endometrial carcinoma (EC) is one of the most common female reproductive tract malignancies globally (1) (2) (3) (4) (5) . Type I EC, additionally termed endometrioid endometrial carcinoma (EEC) or endometrioid adenocarcinoma (EAC), accounts for 80-90% of all subtypes of EC (6) . Based on the degree of differentiation, EEC is classified into three grades: G1 (well-differentiated EEC), G2 (moderately differentiated EEC) and G3 (poorly differentiated EEC). The diagnosis of the EEC grade primarily depends on the histopathological examination of the structure of tumor tissue and/or nuclear atypia. The higher the grade, the more malignant the behavior of the tumor. Poorly differentiated EEC usually develops rapidly and presents with metastasis in a short time. A previous study demonstrated that lymph vascular space invasion, which is an important factor in prognostic evaluation and therapeutic strategy determination, is uncommon in EEC of G1 and G2; however, it is common in EEC of G3 (7) . Deep myometrial infiltration is additionally common in EEC of G3. Thus, the treatment of different grades of EEC varies. For patients with EEC of G1 with <50% myometrial invasion, a systematic lymphadenopathy bares no benefit; however, for patients with EEC of G3, lymphadenectomy is considered or should be recommended (8) . In addition, adjuvant chemotherapy, radiotherapy or hormone therapy is necessary for EEC of G3. Due to the unfavorable biological behavior, the recurrence of G3 EEC is high. Therefore, it is important to investigate the molecular mechanism underlying how poorly differentiated EEC occurs or develops, and to identify novel targeted therapy. As mentioned above, the present study aimed to reveal the difference between EEC of G1 and G3 at the gene level, and to identify candidate biomarkers or therapeutic targets for EEC of G3.
Bioinformatics analysis of gene microarrays is a popular method to detect the expression of mRNA alterations between different samples on a high-throughput platform (9) . It is efficient to screen the differentially expressed genes (DEGs) once among a mass of data and furthermore, function, pathway and interaction analyses regarding the genes may be implemented.
Additionally, microRNAs (miRNAs), small noncoding single-stranded RNAs, perform vital roles in tumorigenesis by regulating their target genes, and may be used for targeted DEG prediction. It is necessary and meaningful to investigate the molecular alterations in well and poorly differentiated EEC; however, no comprehensive study of bioinformatics analysis has been conducted in this regard, to the best of the authors' knowledge. Consequently, relevant microarrays were searched for in the Gene Expression Omnibus (GEO) database, and a bioinformatics analysis was conducted, including identification of DEGs and differentially expressed miRNAs (DEMs), together with function and pathway enrichment analyses and interaction network construction. From the present study, novel clues regarding the association between gene expression and differentiation degree of EEC may be determined.
Materials and methods
Microarray data. The gene expression profiles of EEC were obtained from the GEO at the National Center for Biotechnology Information (http://www.ncbi.nlm.nih.gov/geo/), which is an international public repository that allows users to upload or download high-throughput microarrays freely. The mRNA microarray dataset GSE17025 contains 103 samples, among which 79 samples were stage I EECs including 30 samples of G1, 33 samples of G2 and 16 samples of G3. A total of 24 samples were 12 papillary serious carcinoma samples and 12 atrophic endometrium samples, which were subsequently excluded. The other mRNA microarray dataset GSE24537 contains 33 early stage EC samples, including 11 EAC samples of G1, 11 EAC samples of G3 and 11 uterine serous carcinoma samples. The miRNA microarray dataset GSE35784 includes six G1 EEC samples, nine G2 EEC samples, three G3 EEC samples and four normal endometrium samples.
Identification of DEGs.
To analyze these data, the online tool GEO2R (https://www.ncbi.nlm.nih.gov/geo/geo2r/) was used. GEO2R is an interactive tool for users to identify genes that are differentially expressed across experimental conditions by comparing two groups of samples in a GEO series. In the present study, 30 G1 EEC samples and 16 G3 EEC samples from the dataset GSE17025 were analyzed with 11 G1 EAC samples and 11 G3 EAC samples from the dataset GSE24537. |Log FC|≥1 and P<0.05 were set as the cut-off values. Subsequently, the genes, which were differentially expressed with the same expression trends in datasets GSE17025 and GSE24537 were selected.
Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses of DEGs.
The GO (http://geneontology.org/) is a popular repository that allows investigators to acquire information on categories and attributes of genes, which contains biological processes (BP), cellular components (CC) and molecular functions (MF) (10) . The KEGG database (http://www.genome.jp/) is a knowledge base for the systematic analysis of gene functional and metabolic pathways (11) . With the GO and KEGG enrichment analyses, primary information regarding the function and pathways of the identified DEGs was acquired. To perform the analyses, the Database for Annotation, Visualization and Integrated Discovery (DAVID, http://david.abcc.ncifcrf.gov/) was used, which provides a comprehensive set of functional annotation tools for users to understand the biological meaning of genes (12) . P<0.05 was considered to indicate a statistically significant difference.
Protein-protein interaction (PPI) network construction.
The PPI network, constructed using the Search Tool for the Retrieval of Interacting Genes (STRING) database (http://string-db.org/), is a visualized molecular interaction network that presents the associations among the proteins encoded through the identified DEGs (13) . Cytoscape (http://www.cytoscape.org/) is a software for visualizing the PPI network (14) , and the plugin Molecular Complex Detection (MCODE; http://apps.cytoscape.org/apps/mcode) is designed for module analysis. In the present study, STRING (version 10.0) and Cytoscape (version 3.5.0) were used to construct the PPI network with combined score >0.4 as the cut-off value. Using NetworkAnalyzer in Cytoscape (http://apps.cytoscape. org/apps/networkanalyzer), the top 10 hub DEGs with the highest node degrees were determined. Using the MCODE, modules of the PPI network were extracted, and only modules with scores >4 were selected to receive further function and pathway enrichment analyzes. P<0.05 was considered to indicate a statistically significant difference.
miRNA-DEG pairs. DEMs between G3 and G1 EEC samples of the dataset GSE35784 were identified using GEO2R. |Log FC|≥1 and P-value <0.05 were set as the threshold. The screened DEGs were uploaded to the online tool WebGestalt (http://www.webgestalt.org), and the miRNA-target gene enrichment analysis was performed. WebGestalt is a comprehensive, flexible and interactive gene set enrichment analysis toolkit, from which information about miRNA-target gene interactions may be obtained. Subsequently, the miRNA-target regulatory network was constructed using Cytoscape.
Results
Identification of the DEGs. The DEGs were identified using GEO2R by comparing the data of well-differentiated samples with the poorly differentiated samples. With the criteria of |log FC|≥1 and P<0.05, a total of 1,456 and 1,739 genes were screened as DEGs from the microarray datasets GSE17025 and GSE24537, respectively. Among them, 243 upregulated and 1,213 downregulated genes were identified in GSE17025, while 869 upregulated and 870 downregulated genes were identified in GSE24537. Subsequently, 213 DEGs with the same expression trends in the two datasets were screened, of which 83 genes were upregulated and 130 genes were downregulated. The expression heat maps of the top 100 genes of the matched 213 DEGs are presented in Fig. 1 .
GO and KEGG analyses.
With the functional annotation tool DAVID Bioinformatics Resources 6.8, the results of GO and KEGG analyses were obtained (Tables I and II) . The top five results of BP, CC and MF in GO analysis with P<0.05 are listed in Table I , which revealed that the upregulated DEGs were primarily involved in 'mitotic cell cycle process', 'cell cycle process', 'mitotic cell cycle', 'cell cycle' and 'chromosome segregation'; while the downregulated DEGs were primarily involved in 'cellular component assembly involved in morphogenesis', 'cell projection organization', 'microtubule-based movement', 'cilium organization' and 'microtubule-based process'. Results of the KEGG pathway enrichment analysis with P<0.05 are presented in Table II . The upregulated DEGs were primarily enriched in 'cell cycle', 'oocyte meiosis' and 'progesterone-mediated oocyte maturation'; while the downregulated DEGs were enriched in 'drug metabolismcytochrome P450', 'metabolism of xenobiotics by cytochrome P450' and 'chemical carcinogenesis'.
PPI network analysis.
Using the STRING database and Cytoscape software, the PPI network with 120 nodes and 1,300 edges was constructed. Using the NetworkAnalyzer tool, the top 10 hub DEGs were obtained (Fig. 2 ). As demonstrated in Fig. 2 , the hub genes were DNA topoisomerase IIα (TOP2A), kinesin family member 11 (KIF11), cyclin B1 (CCNB1), BUB1 (BUB1 mitotic checkpoint serine/threonine kinase), TTK protein kinase, MAD2 mitotic arrest deficient-like 1 (yeast), NDC80, kinetochore complex component, maternal embryonic leucine zipper kinase, non-SMC condensing I complex subunit G and aurora kinase A (AURKA). Furthermore, one significant module with a score >4 was extracted by the plugin MCODE, followed by further functional and pathway enrichment analyses (Fig. 3 ). This module was composed of 46 nodes and 970 edges, which were primarily involved in 'mitotic cell cycle process', 'cell cycle process' and 'mitotic cell cycle'. All the genes in this module were upregulated and closely interrelated.
Identification of the DEMs and analysis of miRNA-target regulatory network. Using GEO2R, a total of 57 DEMs were identified, including 51 upregulated DEMs and six downregulated DEMs (Fig. 4) . From the results, hsa-miRNA(miR)-1290, hsa-miR-513a-5p, hsa-miR-1249, hsa-miR-9 and hsa-miR-557 were the top five upregulated DEMs, while hsa-miR-449a was the most downregulated DEM. The miRNA-target regulatory network was constructed using Cytoscape with the information from WebGestalt, containing 23 DEGs and 41 miRNAs (Fig. 4) . From Fig. 4 , miRNAs hsa-miR-9 and hsa-miR-15b were matched in the two results. Furthermore, their target genes forkhead box P1 (FOXP1) and cyclin E1 (CCNE1) were involved in the PPI network.
Discussion
EC is a common gynecological tumor, which is divided into two types. The degree of differentiation serves a crucial role in the prognosis of type I EC (EEC or EAC). EEC of G3 (poorly differentiated EEC) usually has a poor prognosis leading to metastasis in a short time. Therefore, it is important to examine the molecular mechanism of EEC differentiation and bioinformatics analysis of microarrays, facilitating the genetic study of EEC. In the present study, microarray datasets GSE17025, GSE24537 and GSE35784 were downloaded from the GEO database, and the difference between well-differentiated and poorly differentiated samples was analyzed. A total of 83 upregulated and 130 downregulated DEGs, together with 51 upregulated and six downregulated DEMs, were identified. In order to elucidate the category and pathway that the DEGs were involved in, GO and KEGG enrichment analyses were performed. Subsequently, the PPI network and subnetworks were constructed with the hub DEGs screened. A miRNA-target regulatory network was constructed with DEGs and their regulatory miRNAs. Subsequently, by combining the DEMs, miRNA-target regulatory network and PPI network, crucial DEGs were identified. According to the results of the PPI network, TOP2A, KIF11, CCNB1 and BUB1 were identified as the foremost hub DEGs. They were all involved in one module extracted from the PPI network. DEGs in this module interacted closely with each other, and were primarily involved in 'mitotic cell cycle process' and 'cell cycle process'. From the GO and KEGG pathway analyses, TOP2A, KIF11, CCNB1 and BUB1 were all enriched in cell cycle-associated BP and pathways. hsa-miR-9 was identified as one of the top five upregulated DEMs; meanwhile, it was additionally involved in the miRNA-target regulatory network, as was hsa-miR-15b. Their respective target genes, the downregulated DEG FOXP1 and upregulated DEG CCNE1, were concurrently involved in the PPI network.
TOP2A encodes a DNA topoisomerase, an enzyme involved in DNA transcription and replication processes including chromosome condensation and chromatid separation. Thus, TOP2A serves a principal role in controlling the cell cycle and maintaining the integrity of the genome. It was reported that TOP2A was upregulated in numerous cancer types, including endometrial cancer (3, 4, 15) , pancreatic cancer (16), prostate cancer (17) and breast cancer (18) . In agreement with the present results, the increased TOP2A expression level indicated an association with more aggressive tumor behavior, including myometrial infiltration, and was associated with the prognosis in patients with EC (4, 15) . Moreover, TOP2A may be used as a biomarker in patients receiving adjuvant taxane-platinum regimens with moderate-to high-risk EC (3). The previous study (3) coincides with the present result that TOP2A was significantly upregulated in EC of G3 compared with EC of G1. In 2018, Pei et al (16) reported that the upregulation of TOP2A was observed in pancreatic cancer compared with non-tumor tissues, and significantly correlated with tumor metastasis and shorter survival. In a previous study (16) , it was additionally revealed that a novel miR-139\TOP2A\ β-catenin axis drives the malignant progression of pancreatic cancer. In this axis, TOP2A induces cell proliferation and epithelial-mesenchymal transition (EMT) by activating the β-catenin signaling pathway, however, the process may be reversed by miR-139 (16). Zheng et al (18) , demonstrated that the overexpression of TOP2A was associated with unfavorable biological behaviors of triple-negative breast cancer (TNBC), and TOP2A was confirmed as an independent prognostic indicator of 5-year disease-free survival. In prostate cancer, TOP2A was selected as a biomarker for early identification of patients with higher metastatic potential, thus these patients may receive timely adjuvant or neoadjuvant targeted therapy to improve prognosis (17) . In summary, TOP2A is likely to have an important role in the genesis of poorly differentiated EC and may be used as an indicator of poor prognosis. KIF11 is a motor kinesin required for the control of the accurate arrangement of microtubules and the separation of duplicated centrosomes during spindle formation. Overexpression of KIF11 is common in breast cancer, esophageal cancer, colorectal cancer and glioblastoma (19) (20) (21) .
According to certain studies, the high expression level of KIF11 is significantly associated with poor prognosis among patients with non-small cell lung cancer (NSCLC) (22) , oral cancer (23) and TNBC (24) . Inhibition experiments were performed to examine the role of KIF11 in cancer cells. KIF11 was proven to be vital for proliferation and self-renewal in TNBC tumor cells (24) . In vitro, knockdown of KIF11 via small interfering RNA resulted in a significant decrease in the percentage of cancer stem cells (CSCs) and mammosphere formation, with additional cell cycle G2/M arrest, cell growth inhibition and apoptosis. In vivo, a KIF11 inhibitor exerted an inhibitory growth effect in docetaxel-resistant TNBC xenograft models. Similarly, knockdown of KIF11 or the application of KIF11 inhibitors suppressed cell proliferation, possibly through G2/M arrest, followed by the induction of apoptosis in oral cancer cells (23) . In the study of Imai et al (20) , knockdown of KIF11 inhibited mammosphere formation in esophageal and colorectal CSCs. Thus, the overexpression of KIF11 is associated with development and poor outcomes of cancer types, possibly by influencing the mammosphere formation of CSCs and cell cycle regulation.
BUB1 is the gene encoding the mitotic checkpoint serine/threonine kinase BUB1, a type of spindle assembly checkpoint protein kinase required for accurate chromosome segregation. It is important to maintain genome stability during mitosis and meiosis. An insufficiency of BUB1 expression triggers chromosomal instability, aneuploidy and premature senescence. An association between BUB1 expression and poor clinical prognosis was inferred in patients with breast cancer (25) . The depletion of BUB1 suppressed the CSC potential of the MDA-MB-231 breast cancer cell line (25) . Davidson et al (26) reported that in advanced-stage ovarian serous carcinoma, BUB1 was significantly coexpressed with aurora kinase A (AURKA). As a member of another family of mitotic serine/threonine kinases, AURKA is a hub gene in the significant module in the present study. Based on the study by Nyati et al (27) , BUB1, as an integral component of transforming growth factor β (TGFβ) signaling, may promote the formation of TGFBRI/II receptor complex, which regulates downstream signaling pathways, including the mothers against decapentaplegic homolog, mitogen-activated protein kinase and phosphoinositide 3-kinase/RAC-α serine/threonine-protein kinase pathways, and mediate TGFβ-dependent EMT, cell migration and invasion. All the aforementioned studies were in support of the facilitating effect of BUB1 on tumorigenesis and progression. However, in EC, it was declared that low expression of BUB1 was closely associated with poorly differentiated EC, which is contrary to the present results (28) . However, another study investigating the expression of BUB1 in EC reported that BUB1 was upregulated in serous EC compared with EEC (29) . As is known, the malignant potential of serous EC is higher compared with that of EEC. Thus, BUB1 is possibly positively associated with the malignancy of EC. In summary, the role of BUB1 in EC development remains undetermined As a principal cell cycle regulator, G2/mitotic-specific cylin-B1 (the protein product of CCNB1) controls the G2/M transition by combining with cyclin-dependent kinase 1 to form a complex, which may promote progression to mitosis and amplify the cellular growth rate. Therefore, the aberrant expression of CCNB1 contributes to tumorigenesis. The overexpression of CCNB1 has been observed in a multitude of tumors, including breast cancer, lung cancer, colorectal cancer and bladder cancer (30) (31) (32) . Kim et al (32) demonstrated that FOXM1-CCNB1 signaling may be associated with the poor prognosis of non-muscle-invasive bladder cancer, and the expression of CCNB1 is able to predict the risk of recurrence in these patients. It was reported that inhibition or knockdown of CCNB1 suppressed cell proliferation, blocked cell cycle progression and induced cell apoptosis in colorectal cancer (31) . The single nuecleotide polymorphisms (SNPs) of rs2069429 and rs2069433 in CCNB1 were verified to be associated with overall survival in NSCLC (30) . Similarly, SNP rs2069433 in CCNB1 was revealed to be associated with the risk of EC (33) . Furthermore, CCNB1, as a myc proto-oncogene downstream transcriptional target, was identified to be negatively correlated with the tumor suppressor progesterone receptor in EC (34) . As mentioned above, CCNB1 may serve an important role in the genesis of EC and may be a powerful predictor of disease prognosis.
CCNE1 encodes the protein G1/S-specific cyclin-E1, which belongs to the highly conserved cyclin family, a cell cycle regulator. The protein forms a complex with cyclin-dependent kinase 2 and controls the G1 to S phase transition. The overexpression of CCNE1 may be an early event in tumorigenesis. In accordance with the present study, amplification of CCNE1 was reported to be significantly associated with high grade EEC and non-endometrioid EC (35) . More notably, the expression level of CCNE1 in poorly differentiated EAC cell line was detected as higher compared with in well-differentiated EAC cell line (1.6±0.19 vs. 1.4±0.33) (1). In ovarian cancer, CCNE1 amplification confers worse survival and may be used as a potential therapeutic target (36) . In lung adenocarcinoma (LUAD), the downregulation of CCNE1 may be induced by knockdown of homeobox C13 (HOXC13), leading to arrest at the G1 phase and subsequent inhibition of cell proliferation; whereas, miR-141 may exert the same effect by reducing the expression of HOXC13 and CCNE1 (37) . Similarly, the inhibition of family with sequence similarity 83 member D may additionally suppress the proliferation of LUAD cells by interfering with the cell cycle by suppressing the expression of CCNE1 (38) . Notably, according to the study from Krivega et al (39) , CCNE1 exerts a crucial role in balancing totipotency and differentiation in human embryonic cells, which means that CCNE1 possesses the potential of regulating cell differentiation. In summary, it was confirmed that CCNE1 is upregulated in poorly differentiated EEC and is important in cell differentiation.
FOXP1, a P subfamily of forkhead box, is an estrogenresponsive transcription factor and is implicated in cellular differentiation and proliferation. Previous studies (2, (40) (41) (42) (43) suggested that FOXP1 may be a tumor suppressor gene in breast cancer, prostate cancer, epithelial ovarian cancer and EC. A meta-analysis of 22 articles that examined nine tumor types and included 2,468 patients reported that reduced FOXP1 expression was associated with worse survival in patients with solid tumors (40) . It was reported that the activation of FOXP1 may inhibit tumor proliferation in epithelial ovarian cancer (41) . Conversely, the downregulation of FOXP1 expression regulated by miR-504 triggered tumorigenesis in glioma (42) . Consistent with the present study, lower FOXP1 expression in the nucleus and cytoplasm of G3 EEC was detected when compared with G1 and G2 EEC in a study conducted by Mizunuma et al (2) . This previous study also reported that FOXP1 acted as a tumor suppressor in EEC through the GTPase KRAS pathway. Furthermore, Giatromanolaki et al (43) demonstrated that the loss of FOXP1 expression resulted in a slightly worse outcome in early EC. According to the aforementioned literature, the inverse effect of FOXP1 was assured in the process of tumorigenesis and poor differentiation of EEC.
The microRNA miR-9 is a small, non-coding RNA involved in gene regulation. As demonstrated in Fig. 4 , miR-9 was one of the top upregulated DEMs in the heatmap and interacted with a number of downregulated DEGs in the miRNA-target regulatory network. In accordance with the present results, Torres et al (5) demonstrated that the expression level of miR-9 was lower in G1 samples compared with G2 and G3 samples of EEC. Additionally, miR-9 expression was reported to be upregulated in numerous cancer types, including colorectal cancer, breast cancer and lung cancer. As an example, miR-9 was upregulated in NSCLC, and functioned as the core of TGF-β1-induced cell invasion and adhesion by targeting SOX7 (44) . More notably, the upregulation of miR-9 and subsequent downregulation of its target, Cadherin-1, may induce EMT in NSCLC cells by regulating TGF-β1 signaling (45) . Furthermore, significant overexpression of miR-9 was observed in breast cancer tissues and cell lines, and miR-9 may promote the proliferation, migration and invasion of breast cancer cells by downregulating FOXO1 (46) . As aforementioned, miR-9 may promote tumor progression by downregulating the target tumor suppressors.
Principal genes were identified that may be determinants of the carcinogenesis of poorly differentiated EC, which may facilitate the investigation of the potential molecular mechanism. These genes may additionally help to identify candidate biomarkers and novel therapeutic targets of poorly differentiated EC. However, there are limitations of the present study. Among all the genes identified, only the genes TOP2A, CCNE1, FOXP1 and miR-9 have already been verified to be differentially expressed between G1 and G3 EC samples in previous studies; however, the remaining genes have not been studied in this regard. Similarly, overexpression of TOP2A has been demonstrated to be associated with the poor prognosis of EC in previous studies (4, 15) , while the significance of prognostic evaluation of the remaining genes has been proven in other cancer types, although not in EC. Therefore, further laboratory tests of clinical samples are essential to confirm the present findings. Additionally, whether these genes may be used as biomarkers and therapeutic targets requires further experimental verification.
In conclusion, by comparing the G3 and G1 EEC samples, a total of 213 DEGs, including 83 upregulated and 130 downregulated DEGs, were identified; a total of 57 DEMs including 51 upregulated DEMs and six downregulated DEMs, were identified. Based on the PPI network, TOP2A, KIF11, CCNB1 and BUB1 were the main hub genes. According to the enrichment analysis of DEGs of the significant modules, they were primarily associated with 'mitotic cell cycle process', 'cell cycle process' and 'mitotic cell cycle'. Based on the analysis of DEMs and the miRNA-target regulatory network, miR-9 may be the most important upregulated DEM, and the DEGs FOXP1 and CCNE1 may serve vital roles in the differentiation of EC. These identified principal genes may help to identify the potential molecular mechanism of tumorigenesis and additionally, candidate biomarkers and novel targeted therapy for poorly differentiated EC. However, further laboratory tests of clinical samples or laboratory research are required to verify the reliability of the results in the present study.
